This study is focused on the determination of some important antibiotics from different classes in waste water samples using solid phase extraction followed by high performance liquid chromatography with two detectors, diode array and mass spectrometer in positive ionisation mode. The investigated antibiotics include three penicillins (amoxicillin, ampicillin, penicillin G), two cephalosporins (ceftazidime, ceftriaxone), and two tetracyclines (tetracycline, doxycycline). The studied antibiotics were extracted from waste water samples using hydrophilic-lipophilic balanced cartridges. The extraction of antibiotics from water matrices was tested at several pH values. The best recoveries were obtained at pH 3 and 7 respectively. Depending on the nature of antibiotic, the limits of detection and quantification were obtained in the range of 0.07-0.92 µg mL -1 and 0.21-2.77 µg mL -1 respectively. Influent and effluent waste water samples were collected from a Waste Water Treatment Plant from Romania in order to detect the studied antibiotics. The antibiotics detected in the influent waste water samples were ceftriaxone (334 µg L ). In effluent waste water samples no target antibiotics were detected.
Cent. Eur. J. Chem. • 11(8) • 2013 • 1343 -1351 DOI: 10.2478 Determination of some frequently used antibiotics in waste waters using solid phase extraction followed by high performance liquid chromatography with diode array and mass spectrometry detection ground or surface waters [2] . Due to their sporadic enter into the environment and permanent presence, this category of pharmaceuticals is considered to be persistent and "pseudo-persistent" contaminants [3] . These issues of antibiotics in the aquatic environment have conducted to rising preoccupations caused by the potential environmental risks and the extension of antibacterial resistance among the microorganisms [4] . To prevent these risks, the monitoring of antibiotics that reach the environment, although they are in small amounts, is necessary.
The literature presents different analytical techniques that have been used for the determination of antibiotics in various environmental samples such as capillary electrophoresis [5] , thin layer chromatography [6] and high performance liquid chromatography (HPLC) [7] [8] [9] [10] .
Usually, the analysis of antibiotics in water samples includes a pre-concentration step, like solid phase extraction (SPE), followed by a liquid chromatographic (LC) determination. The chromatographic system coupled with a mass spectrometer (MS) can give a very selective and sensitive detection [11] . Lately, the hydrophilic-lipophilic balanced materials, such as Oasis HLB (styrenedivinylbenzene-vinylpyrrolidone copolymer) have been found to be suitable for the SPE extraction of a wide range of antibiotics [12] . Many papers reported good recoveries for the antibiotics from environmental samples with this type of cartridge [13] [14] [15] [16] . Thus, SPE-LC, SPE-LC-MS or SPE-LC-MS/MS methods have been reported for tetracyclines, β-lactams [14] , quinolones, penicillins [17] , fluoroquinolones [18] and macrolides [19] .
The antibiotics investigated in this study take part from two different classes. The first class contains β-lactam antibiotics (BLAs) which are considered the most important group of antibiotics used now for more than 80 years. BLAs include a large variety of natural penicillins (e.g. penicillin G), semi-synthetic penicillins (e.g. amoxicillin, ampicillin) and cephalosporins (e.g. ceftazidime, ceftriaxone). The basic chemical structure of BLAs is β-lactam ring which is responsible for their antibacterial activity. The difference between BLAs consists in the variable side chains responsible for their chemical and pharmacological properties. The first recognizing structural difference between cephalosporins and penicillins is the ring system merged to the β-lactam ring. Cephalosporins are characterised by the presence in their molecule of a six-member dihydrothiazine ring while penicillins by a five-member thiazolidine ring (Table 1) [8] . The second class of antibiotics are tetracyclines (TCs) which are today widely used in human and veterinary medicine practice. TCs (e.g. doxycycline, tetracycline) are active bacteriostatic agents with a large spectrum against Gram-positive and Gram-negative bacteria that serve to inhibit protein synthesis. The basic structures of TCs consist of a hydronaphthacene backbone which contains four fused rings (Table 1) [9] .
The aim of the present study is to determine simultaneously some antibiotics from waste waters by means of solid phase extraction followed by high performance liquid chromatography with two detectors, namely diode array and electrospray ionization mass spectrometry in positive mode (SPE-LC-DAD-ESI(+)-MS). The target antibiotics are three penicillins (amoxicillin, ampicillin, penicillin G), two cephalosporins (ceftazidime, ceftriaxone), and two tetracyclines (tetracycline, doxycycline) ( Table 1 ).
Experimental procedure

Chemicals and materials
The working antibiotic standards (Table 1) were powders for injection, as acidic (CFZ) or salt (AMOX with clavulanic acid, AMP, PENG, CFX) form and capsules, as hydrochloride (TET, DOXY) form. AMOX, AMP, PENG, CFX, and TET were purchased from "Antibiotice" (Romania), CFZ from GlaxoSmithKline (Romania) and DOXY from Sandoz (Romania). Stock solutions of all compounds were prepared in ultrapure water. Acetonitrile of HPLC grade was purchased from Sigma-Aldrich (Germany) and formic acid from Cristal R Chim (Romania). For the SPE method, methanol (MeOH) was bought from Merck (Germany), the ammonia from Primexchim (Romania) and the hydrochloric acid (HCl) from Poch (Poland). Ethylenediamine tetraacetic acid disodium salt dihydrate (Na 2 EDTA·2H 2 O) was purchased from Fluka (Germany). Water of high purity used in all experiments was prepared using a Milli-Q Ultrapure water purification system (Millipore, USA).
The extraction of antibiotics from spiked and waste water samples was carried out on SPE cartridges Oasis HLB (6 mL, 200 mg, Waters, USA) using a SPE device model Supelco vacuum manifold from Sigma-Aldrich (Germany).
Sample collection and preparation
In order to avoid the free silanol, influent and effluent waste water samples were collected in clean polyethylene terephtalat bottles from a Waste Water Treatment Plant (WWTP) from Romania which serves a residential population around of 350000 inhabitants. The samples were filtered through Macherey-Nagel filters (MN 640 d·ø 125 mm) and stored at 4°C in refrigerator. For minimizing the microbial degradation the antibiotics were extracted, in less than 24 hours from sampling. Determination of some frequently used antibiotics in waste waters using solid phase extraction followed by high performance liquid chromatography with diode array and mass spectrometry detection
SPE method
The Oasis HLB cartridges were pre-conditioned with 10 mL MeOH followed by 10 mL ultrapure water and then loaded with 100 mL waste water samples prepared for the extraction by adding 5% (w/v) Na 2 EDTA·2H 2 O to chelate residual metals [15] . In order to find the optimal pH for the extraction of antibiotics from real samples, the selected antibiotics were extracted from 100 mL ultrapure water spiked with 120 µg of each antibiotic, at different pH values (2, 3, 7 and 9). From these four pH values tested, the best recoveries were obtained at pH 3 for CFZ, CFX, TET and at pH 7 for the other antibiotics studied AMP, PENG, and DOXY. AMOX showed a recovery less than 50% for both pH values. Further, the waste water samples were subjected to two different extractions, at pH 3 and 7. The waste water samples were adjusted to pH 3 using 0.5 N HCl or to pH 7 with 5% NH 4 OH immediately prior to extraction. The waste water samples were passed through the SPE cartridges with a flow rate of 1.2 mL min -1 . The analytes retained on cartridges were eluted with 6 mL MeOH. The obtained extracts were concentrated to dryness with a rotary evaporator at 40°C and then solubilised in 2 mL ultrapure water. All the procedures were performed three times.
LC-DAD-ESI(+)-MS method
The analyses were carried out on a Shimadzu HPLC with DAD and MS detectors, using ESI in positive mode (LC-DAD-ESI(+)-MS). The MS instrumentation used was a single quadrupole.
The chromatographic separation was performed using a Grace Alltima C18 column (100×3 mm, 3 µm) thermostated at 26°C with gradient elution. The used eluents were ultrapure water with formic acid at pH 3 (A) and acetonitrile (B). The program of gradient elution was: from 0 to 6 min, the decreasing of eluent A from 90% concentration to 30% and in the additional 4 min to 20% followed by a suddenly increasing of eluent A to the initial 90% concentration and a column equilibration of 5 min. The injection volume was 20 µL and the flow rate was set at 0.5 mL min -1 . All compounds were eluted up to 7.5 min. For MS detection was used ESI in positive mode with capillary voltage of 1.5 kV, curved desolvation line (CDL) temperature of 250°C and interface temperature of 250°C. Peaks areas from total ion chromatograms (TICs) were used for quantification.
DAD detection was initially used for preliminary establishing of separation conditions and identification of antibiotics. Peaks were detected at all wavelengths and presented maximum absorption as follow: AMOX, AMP, PENG, CFZ and CFX at 197 nm, TET and DOXY at 272 nm.
To allow the quantification of the selected antibiotics in environmental samples with the LC-ESI(+)-MS proposed method, studies of linearity, limits of detection, quantification respectively, and precision were done for each antibiotic. Accuracy was carried out for the antibiotics found in waste waters (CFX, TET and DOXY).
For linearity studies, stock solution of 1 mg mL -1 concentration of each studied antibiotic was prepared in ultrapure water and then stored in a refrigerator at 4°C in the dark. To obtain the calibration curves, working standard solutions in concentration range of 1-100 µg mL -1 were prepared from the stock solution by successive dilutions with ultrapure water. A volume of 20 µL of each antibiotic solution was injected under the operating chromatographic conditions previously described. The calibration curves were established by plotting the peak area versus the corresponding concentration of each antibiotic. The correlation coefficients were also calculated.
The limits of detection (LOD) and quantification (LOQ) were determined using the standard deviation of the response (σ) and the slope of calibration curves (S) and were calculated by Eqs. 1 and 2 [20]:
The precision of the quantitative determination of studied antibiotics was performed by the evaluation of the repeatability. In this purpose standard solutions of 40 µg L -1 concentration were prepared. All the determinations were done in triplicates and the Relative Standard Deviations (RSD, %) were calculated.
The accuracy was evaluated by adding an amount of antibiotic to the initial content of antibiotic detected in the waste water samples. Both, the waste water samples and the samples with the added antibiotic amount were pre-concentrated using the Oasis HLB cartridges and analyzed using LC-DAD-ESI(+)-MS method previously established. Accuracy studies were done only for the antibiotics that have been detected in influent water samples (CFX, TET and DOXY). The added antibiotic amounts were 8.5, 2.5, and 1.5 µg mL -1 respectively. Three replicates from each sample were performed. The percent recovery was calculated with Eq. 3 [21]: Recovery (%) = 100 x (found amount --initial amount) / added amount (3) O. Opriş et al.
Results and discussions
SPE of studied antibiotics
Polymeric cartridges Oasis HLB with hydrophilic and lipophilic balance characteristics were selected for simultaneous extraction of penicillins, cephalosporins and tetracyclines from water matrices because such sorbents do not contain free silanols to which the target compounds may directly bind or through metal ion complexes [15] . This type of cartridge has excellent wetting properties due to the hydrophilic N-vinylpyrrolidine monomer [10] . The effect of pH on the extraction efficiency was studied by adjusting the pH value of the spiked ultrapure water at 2, 3, 7 and 9 (Fig. 1) . The obtained results show that the extraction recoveries for many of selected antibiotic were higher at pH 3 (CFZ 68.7%, CFX 110.1% and TET 102.6%) and respectively 7 (AMP 88.8%, PENG 98.7% and DOXY 84.4%), excepting AMOX that showed a recovery less than 50% for both pH values (42.9% pH 3 and 31.7% pH 7) (Fig. 1, Table 2 ).
The different recovery ranges under various pH conditions can be assigned to the amphoteric properties that most of the analytes have [16] . For example, penicillins have carboxylic acid and one or more amine functional groups (pKa1 ≈ 2-3 and pKa2 ≈ 7) [7] while TCs show three pKa values (pKa1 ≈ 3, pKa2 ≈ 7, pKa3 ≈ 9) [22] . Throughout the range of pH, TCs always have a local charge and they are zwitterionic in the pH ranges mentioned above. Thus in the analysis of TCs the pH adjustment is a very important step [23] .
The recovery data of the target antibiotics obtained at pH values 3 and 7 are presented in Table 2 with the RSD values.
LC-DAD-ESI(+)-MS analysis
All analytes were confirmed based on the retention time from chromatogram and the molecular ion (m/z) from MS spectrum obtained with ESI in positive mode as it is shown in Table 3 . The results of these experiments in terms of molecular ion were in agreement with the values obtained by calculation and with those previously reported in the literature [3, 15, 17, [24] [25] [26] .
The calibration curves were constructed on six-eight points, based on peak areas obtained from the injection of the standards. The correlation coefficients ranging from 0.997 to 0.999 were obtained for all the analytes. The values of LOD and LOQ obtained are between 0.07-0.92 µg mL -1 , respectively 0.21-2.77 µg mL -1 . The results are given in Table 4 .
Precision studies conducted to RSD values for repeatability in the range of 0.7-1.4% which are well within the limit of 2.0%, confirming the good precision of the LC-DAD-ESI(+)-MS proposed method (Table 5 ). Determination of some frequently used antibiotics in waste waters using solid phase extraction followed by high performance liquid chromatography with diode array and mass spectrometry detection
The percent recoveries of the antibiotics from the spiked samples are between 85.6-98.1%. The results are presented in Table 6 .
Environmental analysis application
In order to determine the antibiotics in the waste waters of the WWTP plant and also its efficiency we analyzed the target compounds in three samples of influents and in their corresponding effluents.
For all collected waste water samples the SPE-LC-DAD-ESI(+)-MS procedure proposed in this study was applied. In the influent samples only three antibiotics were detected in different concentration levels: 334 µg L -1 CFX, 146 µg L -1 TET, a 110 µg L -1 DOXY (Table 7 , Fig. 2) .
Waste water samples were concentrated and analyzed in order to determine the content of antibiotics. For calculating the concentration of antibiotics presented in Table 7 , were taken into account both the volume of waste water sample extracted and the volume of ultrapure water used for solubilising the target compounds.
In the collected waste water samples only three antibiotics from those selected were found, because their presence is in concordance with the consumption of antibiotics and with the discharges of waste waters containing antibiotics in the same period in which the samples were collected. To increase the probability of detecting antibiotics in waste water samples will need to be collected samples more often and from different sampling points.
In the corresponding effluents was not detected any antibiotic found in the influents from the WWTP which means that the treatment and purification systems for waste waters are efficient regarding the studied antibiotics.
Conclusions
This paper describes a sensitive and reproducible analytical SPE-LC-ESI(+)-MS procedure for the simultaneously extraction and quantification of some Determination of some frequently used antibiotics in waste waters using solid phase extraction followed by high performance liquid chromatography with diode array and mass spectrometry detection antibiotics, five β-lactams and two tetracyclines, in influents and effluents from a WWTP. The SPE of the studied antibiotics were performed using hydrophiliclipophilic balanced cartridges obtaining good recoveries at pH 3 (CFZ 68.7%, CFX 110.1% and TET 102.6%) and at pH 7 (AMP 88.8%, PENG 98.7% and DOXY 84.4%), excepting AMOX that showed a recovery less than 50% for both pH values (42.9% pH 3 and 31.7% pH 7). Studies of linearity, limits of detection and quantification, precision and accuracy were also done. The method presented in this paper is that the seven selected antibiotics belong to three different classes, and the time of analysis is up to 7.5 min, resulting lower analysis costs. Using the performed SPE-LC-ESI(+)-MS procedure, CFX, TET and DOXY antibiotics were successfully detected in the influent waste water samples at concentration ranges between 110-334 µg L -1 . In the corresponding effluents any antibiotic found in influents were not detected. The absence of antibiotics studied in the effluent waste water samples is due to the efficiency of the purification process.
The proposed method was developed because there is no monitoring of antibiotics in this area and will continue to be used in future studies in the collaboration with WWTP.
The occurrence of human and veterinary pharmaceutical compounds in WWTP influent and effluent waste waters is a significant environmental issue continuously developing, even if in our specific case study, occurrence of antibiotics in effluent waste water samples was not detected.
